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Objectives

Our objective was to study chemistry and electrochemistry in and of Lewis
acid-base and mixed Lewis acid-base-Brénsted solvents, which are low tem-
perature molten salt systems. This work was carried out in collaboration with
a related, but more application oriented effort, at Hughes Aircraft, El Segun-
do, California. These solvent systems were proposed for potential use in an
electrochemical power source, a thermally regenerable fuel cell (TRFC).

Technical Approach

We utilized an ambient temperature molten salt consisting of 1-methyl-3-ethy-
limidazolium chloride (ImCl) mixed with aluminum chloride (AlCl;). This
solvent system is characterized as acid, basic, or neutral, if the mole ratio of
AlCl; to ImCl is greater than, less than, or equal to unity, respectively. Proton
was 1ntroduced quantitatively by the addition of ImHCl,, which is itself an
ambient temperature molten salt. The underlying Lewis acidity of the solvent
is varied by changing the system acidity; this is accomplished by varying the
mole ratio of AlCl; to ImCl. Variation in the Lewis acidity then effects the
Brénsted acidity of the added proton. A variety of electrochemical, infra-red
and nuclear magnetic resonance studies were carried out. Studies to obtain
some needed physical properties of the ImHCl, itself, which was to be em-
ployed by Hughes in their efforts to make a practical device, were carried out.

Results
A Technical Report detailing the determination of the viscosity, conductivity
and density of the InCI(HCl), 3 molten salt was issued; these properties were
measured from 15 to 45 °C.

A number of meetings were held with Hughes Aircraft personnel working on

the project to discuss aspects of the program during the period of the contract,

and, as a result, a patent application, joint between Hughes Aircraft personnel
and the Principal Investigator of this contract, was made.

2H NMR was employed to obtain information on the nature of the proton in
these melts, and to clarify the results of some previous work which had postu-
lated an unknown, but specific form of "acidic" proton. It was shown that, in
basic melts, the proton is involved in an equilibrium involving HCl and HCl,",
and that only HCl exists in the acidic melt. The constant for the equilibrium
between HCl and HCl," was determined by NMR and studied as a function of
temperature to obtain entha]pg' and entropy data for the reaction. It was also
found, by FT-IR studies, that
in equilibrium but instead were involved in a kinetic process which consumed
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2HCl and produced the "acidic" form. Time resolved FT-IR spectroscopy
clearly demonstrated that this kmetlc process was in fact hydrogen-deuterium
exchange where deuterium from ZHCl exchanged with protium on the H-4,5
position of the imidazolium ring.

Voltammetric studies of the reduction of proton from the melts indicated that,
in basic melts, the HCl," species was the electroactive, diffusing species.

In addition, neutron diffraction studies on the InHCI, were carried out at
Argonne National Laboratory on a joint project between Dr. David Price, of
Argonne, and the Principal Investigator of this contract; this work was sup-
ported by Argonne National Laboratory. Although the experiment was suc-
cessfully carried out, the data, as of this date, has not been completely ana-
lyzed.

In work related to, but not funded by ONR, the interaction of proton with
organic bases in these molten salts was also investigated. These studies,
however, were related to work carried out at Hughes Aircraft
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